Introduction
The unique properties and wide application of metal nanoparticles have attracted researchers from all over the world toward study of their synthesis and stabilization [21, 34] . Synthesis of silver nanoparticles (AgNPs) in particular has attracted much attention because of their unique optical, electrical, and chemical properties. AgNPs are used as biolabeling agents, catalysts in chemical reactions, and optical receptors, and in nonlinear optics [10, 21, 34] . AgNPs are also used as a bactericide on burn wounds, fillers in dental cavities to prevent infection, and thin coats on medical devices to prevent bacterial biofilm formation, and in air and water purification systems, wastewater treatment plants, and food processing for controlling microbial contamination [8, 12, 24, 38] . The wide use of AgNPs is also due to the fact that, unlike other metal nanoparticles, they are non-toxic to the human body at
In the present work, we describe a simple, cheap, and unexplored method for "green" synthesis of silver nanoparticles using cell extracts of the cyanobacterium Anabaena doliolum. An attempt was also made to test the antimicrobial and antitumor activities of the synthesized nanoparticles. Analytical techniques, namely UV-vis spectroscopy, X-ray diffraction, Fourier transform infrared (FTIR) spectroscopy, transmission electron microscopy (TEM), and TEMselected area electron diffraction, were used to elucidate the formation and characterization of silver-cyanobacterial nanoparticles (Ag-CNPs). Results showed that the original color of the cell extract changed from reddish blue to dark brown after addition of silver nitrate solution (1 mM) within 1 h, suggesting the synthesis of Ag-CNPs. That the formation Ag-CNPs indeed occurred was also evident from the spectroscopic analysis of the reaction mixture, wherein a prominent peak at 420 nm was noted. TEM images revealed well-dispersed, spherical AgCNPs with a particle size in the range of 10-50 nm. The X-ray diffraction spectrum suggested a crystalline nature of the Ag-CNPs. FTIR analysis indicated the utilization of a hydroxyl (-OH) group in the formation of Ag-CNPs. Ag-CNPs exhibited strong antibacterial activity against three multidrug-resistant bacteria. Additionally, Ag-CNPs strongly affected the survival of Dalton's lymphoma and human carcinoma colo205 cells at a very low concentration. The Ag-CNPs-induced loss of survival of both cell types may be due to the induction of reactive oxygen species generation and DNA fragmentation, resulting in apoptosis. Properties exhibited by the Ag-CNP suggest that it may be used as a potential antibacterial and antitumor agent.
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Several chemical and physical methods for the preparation and stabilization of metal nanoparticles are known; however, more eco-friendly, reliable, energy efficient, and non-toxic methods employing plants and microbes are gaining more popularity [1, 13, 15, 32, 34, 42] . A number of researchers have reported synthesis of silver nanoparticles using bacteria, fungi, and algae, but those reports have focussed on the use of whole cell masses in synthesis [1, 15, 23, 28, 34] . However, very few reports are available on the use of cell extract or culture supernatant of bacteria in synthesis of metal nanoparticles [18, 32] . Cyanobacteria (blue-green algae) form one of the largest and most primitive ancestral groups of photoautotrophic bacteria on Earth [29] . They offer great potential as a source of fine chemicals, pharmaceuticals, and biofuels and are a rich source of pigments/proteins [18] . Additionally, the cell extract of cyanobacteria contains a vast array of active biomolecules that may facilitate synthesis and stabilization of the nanoparticles [18, 38] . The roles of membrane localized oxidoreductases [13] , NADH-dependent enzymes [1] , and certain other active biomolecules, including phycobiliproteins, have also been suggested in the formation of structures in the nanometer range [18, 27] .
To date, synthesis of AgNPs has been achieved by using the whole cells of non-nitrogen-fixing cyanobacteria, namely Plectonema boryanum and the marine Oscillatoria willei [1, 13] . Our interest aroused to test the potential of the cell extract of the N 2 -fixing cyanobacterium Anabaena doliolum in the synthesis process. As the recovery of nanoparticles adhered to the surface of filament or formed inside the cells would require a lengthy/complex extraction process and may not be cost effective, the search for an alternative approach such as the use of cell extract of A. doliolum was applied in the synthesis. The selection of A. doliolum was based mainly because of its luxuriant growth in rice fields of North India and its fast growth in simple inorganic medium in the laboratory. To our knowledge, this is the first report wherein the cell extract of the N 2 -fixing cyanobacterium has been employed in the synthesis of AgNPs. Furthermore, the role of synthesized silvercyanobacterial nanoparticles (Ag-CNPs) as biocidal agents against multidrug-resistant bacteria and tumor/cancer cell lines was also a novel finding.
Materials and Methods

Test Organism and Growth Conditions
A. doliolum, a filamentous heterocystous cyanobacterium, was isolated from a rice field of Banaras Hindu University and is maintained in the laboratory for the last 10 years. Identity of the isolate was confirmed by the sequencing of its 16S rRNA gene, where the sequences showed 99% similarity with A. doliolum available in the NCBI database (Accession No. JX075257). Axenic culture was routinely grown diazotrophically in BG11 medium [29] in a culture room at 27 ± 2°C and illuminated with Sylvania 40W T12 fluorescent lamps at an intensity of 14.4 ± 1 Wm -2 for a 14/10 h light/dark cycle. Unless otherwise stated, all the experiments were performed with the log phase cultures, having an initial dry weight of approx. 0.15 mg/ml.
Synthesis of Silver-Cyanobacterial Nanoparticles
Thoroughly washed A. doliolum pellet (10.0 g wet weight) was suspended in 100 ml of sterile double-distilled water and sonicated in a Branson Sonifier 450 (Branson Ultrasonics Corp., USA) for 5 min at maximum output and duty cycle. The extract was critically examined microscopically to ensure complete breakage of the cells; if the extract showed the presence of filaments/cells, steps of sonication were repeated. If needed, the extract was incubated at -20°C overnight to attain complete lysis of cells. The resulting cell-free extract was centrifuged at 10,000 ×g for 15 min and filtered through Whatman No. 1 filter paper to remove cell debris, if any. For the synthesis of Ag-CNPs, the cell extract (pH 7.0) was distributed equally (50 ml each) into two flasks. To one flask, silver nitrate (AgNO 3 ) was added to attain a final concentration of 1 mM. The second flask contained only cell extract and served as the positive control. Pure AgNO 3 solution (1 mM) was taken in a flask separately for the negative control. All the flasks were wrapped in aluminum foil to ensure complete darkness and incubated at 25°C in a shaker (150 rpm) for 72 h. The formation of Ag-CNPs was monitored visually at an interval of 2 h by observing the changes in color of the reaction mixture. The original color of the mixture was reddish blue (due to the fluorescence of phycobiliprotein). The bioreduction of silver ions was monitored by the spectroscopic analysis of the reaction mixture in the range of 200-700 nm in a UV-vis spectrophotometer (Shimadzu, Nakagyo-ku, Japan) by withdrawing 1 ml aliquots at known time intervals, lasting up to 60 h. For the quantitative estimation, the nanoparticles formed in the cell extract from known amount of culture (wet weight) were centrifuged at 10,000 ×g at 4°C for 15 min and the weight of the dried pellet was determined.
Characterization of Ag-CNPs
The particle size and morphology of the Ag-CNPs were characterized by transmission electron microscopy (TEM). Briefly, the clear aqueous suspension of Ag-CNPs was dropped onto carbon-coated copper grids and then air dried completely in sterile dust-free conditions. TEM microphotographs were taken in a Transmission Electron Microscope Tecnai 20 FEI (FEI Europe B.V., The Netherlands) operated at an HT of 200 kV. The crystalline nature of the silver nanoparticles was examined with the help of the selected area electron diffraction (SAED) pattern by TEM. The
